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The following specification particularly describes and ascertains the nature of this 
invention and the manner in which it is to be performed. 
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IMPROVED HIGH TO LOW VOLTAGE LEVEL TRANSLATOR FOR DIGITAL 

INTEGRATED CIRCUITS 

Field of the Invention : 

This invention relates to an improved voltage level translator for translating high to low 
voltage levels in digital intergrated circuits. This invention further relates to an improved 
method for translating high voltage levels in digital intergrated circuits. 

Background of the invnetion: 

Advances in semiconductor fabrication and manufacturing techniques have led to smaller, 
denser and more complex integrated circuits. Digital integrated circuits are spearheading the 
drive to increased densities and smaller geometries. At the same time digital integrated 
circuits are also being operated at higher speeds. The combination of increased density and 
higher speeds has a tendency to increase power dissipation, which in turn results in increased 
temperature of the device which reduces device reliability. To counteract the increased 
power dissipation modern devices are increasingly being designed to operate at reduced 
voltage levels. Current technology supports digital integrated circuits based on transistors 
with gate lengths reduced to 0.1 2u with corresponding supply voltages as low as 1.2V. 
However the IO requirements of digital integrated circuits are defined by the requirements of 
external devices and hence remain at voltage levels that are not significantly higher than the 
core circuitry. Typical IO voltages remain at a 3.3v to 5.0V level while the core circuitry 
operates at 1.2V. To operate in such an environment it is necessary to use voltage level 
translators, which translate signals at the higher voltage level of IOs to the lower voltage 
levels of the core logic. 

A transistor operating at a higher voltage such as 3.3V is designed to have a relatively long 
gate length to avoid punchthrough. At the same time the transistor must also have a thicker 
gate oxide thickness to prevent oxide break down. These transistors are relatively high 
voltage devices and are termed as 3.3V devices in the present invention. If a 3.3V device is 
used for operation at lower voltage levels such as 1.2V, it provides relatively poor 
performance in term of speed owing to higher channel resistance and higher gate 
capacitance. In contrast, transistors operating at lower voltage levels are designed with 
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shorter channel lengths to reduce the channel resistance and gate capacitance as the 
breakdown voltage requirements are lower. The lower resistance and gate capacitance 
enables significant increase in speed of operation besides providing higher density. 
Transistors which are used for lower voltages are low voltage devices and if designed for 
1.2V operation are termed as 1.2V devices in this document. Low voltage transistor models 
are not designed for use with higher voltages because of the risk of punchthrough and gate 
oxide breakdown. 

Fig.l. shows a conventional high to low voltage translator using two cascaded CMOS 
inverters 30 and 40. The first inverter operates at the higher supply voltage VCC1, while the 
second inverter operates at the lower voltage VCC2. Since the first inverter 30 is required to 
handle a higher voltage level signal swing (VCC1) at its input 20 and to operate using a 
higher power supply voltage VCC1 it is constructed using higher voltage transistors. 
Accordingly NMOS transistor 21 and PMOS transistor 22 are VCC1 level transistors. The 
output of the first inverter at node 23 which is the input to the second inverter has a swing of 
VCC1 hence the second inverter 40 operating from the lower power supply voltage VCC2 is 
also required to use higher voltage devices (VCC1 level devices) similar to those used in the 
first inverter 30, inorder to avoid oxide breakdown of transistors NMOS transistor 27 and 
PMOS transistor 26. If the voltage translation is from 3.3V to 2.5V it is possible to use 2.5V 
transistors as the tolerance limits of these devices extend upto 3.3 V. However if the 2 supply 
voltages are 3.3V and 1.2V then the transistors of second inverter 40 must be 3.3V devices, 
having the higher gate length and thicker gate oxide required for 3.3V signals. This results in 
poor performance relative to the rated performance of 1.2V devices. 

The primary factor in performance degradation relates to the rising edge of the input signal. 
When the input signal is at a high level the input to the second inverter 40 is 0V, accordingly 
the gate-to-Source Vgs for its PMOS transistor 26 is -1.2V.Since the PMOS transistor 26 is 
designed to give good performance for Vgs=- 3.3V it exhibits poor performance for Vgs=- 
1.2 V. At the same time, inorder to drive the external load at the output of the translator, the 
size of the PMOS transistor 26 operating at the sub-optimal Vgs needs to be increased 
significantly, thereby increasing gate capacitance and worsening performance (significantly 
increased rise time), and enhanced power dissipation. In addition, the propagation delay is 
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also increased together with increased difference between rise time and fall time which 
degrades the performance of subsequent stages of the integrated circuit. Finally, the increased 
gate to drain capacitance of the PMOS transistor of the second inverter increases the 
bootstraping effect further increasing propagation delay and output transition time. 

SUMMARY OF THE INVENTION 

The object of this invention is to obviate the above drawbacks and provide a high- to low- 
voltage translator offering reduced rise-times. 

Another object of this invention is to provide a high- to low- voltage translator offering equal 
rise- and fall- times and equal transition times. 

Yet another object of the invention is to provide a high- to low- voltage translator with 
reduced propagation delay. 

Finally, another object of the invention is to provide a high- to low- voltage translator with 
reduced power dissipation. 

To achieve these and other objects the invention provides an improved high to low voltage 
translator for digital integrated circuits comprising a digital inverter operating at the higher 
voltage level having its output connected to a voltage limiting circuit that limits the voltage 
applied at the input of a second digital inverter operating at the lower voltage level, and 
providing the final output of the voltage level translator. The voltage limiting circuit 
comprises an inverter operating from the higher voltage supply driving the control terminal of 
a low-voltage transistor having its common terminal connected to the low-voltage supply 
while its output terminal is connected to the output terminal of a transistor having its control 
terminal connected to the input of the voltage limiting circuit, while its common terminal 
provides the complementary output from the voltage limiting circuit. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will become more apparent in reference to the 
following description and the accompanying drawings, wherein: 

FIG.l shows the convetional method for translating high voltage levels into low voltage 
levels. 

FIG.2 shows the scheme for translating high voltage levels into low voltage levels according 
to the invention. 

FIG.3 shows the preferred embodiment of the circuit for voltage translation. 

FIG.4 shows a preferred embodiment of the complete voltage translator with output signal 

having same polarity as the input signal. 

FIG.5 shows another preferred embodiment of the circuit of the voltage translator. 

DETAILED DESCRIPTION OF THE INVENTION 
Fig.-l has already been described in the background to the invention. 

FIG.2 shows a voltage translator for translating higher voltage levels into lower voltage 
levels according to this invention. Signal IN at terminal 51 has swing from 0 V to a high 
voltage level of VCC1 (say 3,3V). Terminal 51 is directly connected to the gate 53 of NMOS 
transistor 55. The source of NMOS transistor 55 is connected to ground GNB and the drain 
is connected to terminal 57 named OUT. Terminal 57 is the low voltage output of the circuit 
for loads operating at the lower voltage VCC2 (say 1.2V) providing a voltage swing at 57 
from OV to 1.2V. Since the NMOS transistor 55 has an input swing of 3.3V it must use 3.3V 
device NMOS transistors having a higher gate length and thicker gate oxide compatible to 
3.3V operation. Transistor 55 gives good performance for Vgs^JV. When the signal at 51 
is at logic'O' it provides a voltage of OV which turns off transistor 55. When the signal at 51 
is at Logic' r it provides a voltage of 3.3V at the gate 53 of transistor 55, which turns it on. 
When transistor 55 is on, its Vgs=3.3V which enables good sinking capability providing a 
rapid falling edge of the signal at 57. PMOS transistor 54 has its drain connected to 57, while 
its source is connected to power supply VCC2 which is 1.2V. Its gate is coupled to terminal 
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52 which is the output of Logic Block 100. Since the source voltage of PMOS transistor 54 
is only at 1.2V, PMOS transistor 54 should be a 1.2V device in order to get good rise-time 
performance. For this it would have a shorter gate length and thinner gate oxide as compared 
to that of 3.3V rating transistors. Also the voltage swing at the gate of 54 should be limited to 
1.2 V to prevent oxide break down. 

Logic circuit 100 which is connected between terminal 51 and 52, provides these facilities 
by taking the input from 51 with a voltage swing of OV to 3.3V and providing output at 
terminal 52 with a voltage swing of OV to 1.2V. The output of Logic Block 100 is non- 
inverting. A 0V input generates a OV output while a 3.3V at 51 generates a 1.2V output at 52. 
The functioning of Logic Block 100 is such that it allows a OV input to pass through it but 
when the signal at 51 rises above OV the output 52 follows it until it reaches 1.2V after which 
the voltage level saturates. Logic Block 100 maintains the output 52 at 1.2V until the signal 
at 51 starts decreasing from 3.3V and reaches 1.2V after which the output 52 again follows 
51 down to 0V. In this manner the voltage swing of OV to 3.3V at 51 is translated to 0V to 
1.2V swing at 52 by Logic Block 100, 

FIG.3 shows a preferred embodiment of Logic Block 100. The Logic Block is essentially an 
inverter 200 having an NMOS transistor 202 and a PMOS transistor 201. The gate of NMOS 
transistor 202 is connected to input terminal 51, its drain is connected to the net 204 and its 
source is connected to ground. The gate of PMOS transistor 201 is also connected to input 
terminal 51 while its drain is connected to the net 204 and its source is connected to the 
higher supply voltage VCCL Since this inverter 200 experiences an input swing from 0V to 
VCC1 and operates from the higher power supply VCC1 it uses higher voltage devices for 
NMOS transistor 202 and PMOS transistor 201. The gate of NMOS transistor 102 is 
connected to the net 204, while its drain is connected to net 52 and its source is connected to 
input terminal 51. Since the swing at the source and gate of NMOS transistor 102 is from 0 
to the higher voltage level VCC1 it must be a high voltage device. The.gate of PMOS 
transistor 103 is connected to the net 204, while its drain is connected to net 52 and its source 
is connected to the lower voltage level VCC2. Since the voltage swing at the gate of 
transistor 103 is from 0 to the higher voltage level VCC1 it must be a high voltage device. 
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When the signal at input terminal 51 is at OV, the gate of NMOS transistor 55 is at OV, 
causing it to turn off. This produces a VCC1 level at the net 204 of the inverter 200. VCC1 
at 204 turns NMOS transistor 102 on and turns off PMOS transistor 103. Since NMOS 
transistor 102 is on, it passes the 0V from input terminal 51 to its output 52, causing PMOS 
transistor 54 to turn on. This provides a signal of VCC2 at net 57. When the signal at input 
terminal 51 starts increasing from 0V, the gate voltage of NMOS transistor 55 follows 
terminal 51. The width of transistors 201 and 202 are selected to adjust the trip point of 
inverter 200 to a level equal to VCC2, Therefore as the signal at net 51 reaches VCC2 it trips 
inverter 200 causing 0V to appear at the net 204. The 0V at output 204 turns-off NMOS 
transistor 102 and isolates the net 52 from net 51. This stops further propagation of the signal 
from terminal 51 to net 52. Also the 0V at net 204 turns on PMOS transistor 103 thereby 
connecting net 52 to the VCC2 supply voltage. The VCC2 voltage at net 52 turns off PMOS 
transistor 54. When the voltage at terminal 51 increases from 0V and reaches a value equal to 
the threshold voltage of NMOS transistor 55 it turns on the transistor and applies 0V at 
terminal 57. In this manner the input swing of 0V to VCC1 at terminal 51 is converted to a 
voltage swing of 0V to VCC2 at terminal 57, but with a polarity oppositr to the polarity of the 
input of the circuit. Since the load for Logic Block 100 is limited to the small gate 
capacitance of PMOS transistor 54, the required size for NMOS transistor 102 is small and 
also the slew rate at net 52 is approximately the same as at net 51. 

FIG.4 shows a voltage translator with output signal having same polarity as that of input 
signal. For acheiving the same polarity an inverter 300 is connected at the output terminal 57 
of the ciruit of FIG.3. PMOS transistor 301 of inverter 300 has its gate connected to the net 
57, its drain connected to terminal 58 and its source connected to the VCC2 supply. Since 
input swing for PMOS transistor 301 is 0 to VCC1, and its supply voltage is VCC2, it 
should be a VCC2 device. NMOS transistor 302 of inverter 300 has its gate connected to net 
57, its drain is connected to terminal 58 and its source is connected to ground. The input 
swing for NMOS transistor 302 is from 0V to VCC2 and the voltage which appears at its 
input is VCC2, it should be a VCC2 device. The sizes of PMOS transistor 301 and NMOS 
transistor 302 are adjusted according to the load at terminal 58, to get the required slew rates 
at terminal 58 and to get better delays. In this manner the required driving capability is 
achieved by incresing the driving capability of inverter 300. In addition, by sizing the width 
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of NMOS transistor 302 and PMOS transistor 301, the rise delays and fall delays can be 
made equal and the slew rates can be adjusted according to requirements. Since its load is 
limited to inverter 300 the size of PMOS transistor 54 can be as low as 1/2.5 times the size of 
inverter 300. This reduces the loading for the signal at 51 and for NMOS transistor 102 and 
therby reduces the propagation delay i 

FIG.5 shows a preferred embodiment of circuitry for a complete voltage translator with the 
output signal at terminal 57 having the same polarity as the input signal at terminal 60. In this 
circuit an inverter 400 is connected before the terminal 51 of FIG.3 PMOS transistor 401 of 
inverter 400 has its gate connected to the input terminal 60, while its drain is connected to net 
51 and its source is connected to the VCC1 power supply. NMOS transistor 402 has its gate 
connected to the input terminal 60, while its drain is connected to net 51 and its source is 
connected to ground. Since both the NMOS and PMOS transistors have an input signal 
swing of VCC1 at their gates and operate off a VCC1 power supply, both are required to be 
VCC1 devices. 

It will be apparent to those with ordinary skill in the art that the foregoing is merely 
illustrative and is not intended to be exhaustive or limiting, having been presented by way of 
example only and that various modifications can be made within the scope of the above 
invention. For example, the voltage limiting circuit may provide an inverting output instead 
of a non-inverting output. 

Accordingly, this invention is not to be considered limited to the specific examples chosen 
for purposes of disclosure, but rather to cover all changes and modifications, which do not 
constitute departures from the permissible scope of the present invention. The invention is 
therefore not limited by the description contained herein or by the drawings, but only by the 
claims. 
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We claim: 

1 . An improved high to low voltage translator for digital integrated circuits, comprising : 

a first digital inverter operating at the higher voltage level, and having its input 
connected to the input of the voltage translation circuit and its output 
connected to, 

a voltage limiting circuit that limits the voltage applied at the input of, 

a second digital inverter operating at the lower voltage level, and providing 

the final output of the voltage level translator. 

2. An improved high to low voltage translator for digital integrated circuits as claimed in 
claim 1, wherein the voltage limiting circuit comprises : 

an inverter operating from the higher voltage supply and having its output 
connected to, 

the control terminal of a low-voltage transistor having its common terminal 
connected to the low-voltage supply while its output terminal is connected to, 
the output terminal of a transistor having its control terminal connected to the 
input of the voltage limiting circuit, while its common terminal provides the 
complementary output from the voltage limiting cirucit. 

3. An improved method for providing high to low voltage translation comprising the 
steps of : 

limiting the output from the high-voltage digital inverter to the desired lower 
voltage levels, and 

using the limited voltage swing to drive an output low-voltage digital inverter. 

4. An improved method for providing high to low voltage translation as claimed in 
claim 3, wherein the output from the high- voltage digital inverter is converted to the 
desired low voltage levels by voltage limiting it to the levels of the low voltage 
supply. 
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5. An improved high to low voltage translator for digital integrated circuits substantially 
as herein descibed with reference to and as illustrated in figures 2 to 5 of the 
accompanying drawings. 

6. An improved method for providing high to low voltage translation substantially as 
herein descibed with reference to and as illustrated in figures 2 to 5 of the 
accompanying drawings. 

Dated this I *T day of 3xffi£! 2002 
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ABSTRACT 

The present invention provides an improved high to low voltage translator for digital 
integrated circuits comprising a digital inverter operating at the higher voltage level having 
its output connected to a voltage limiting circuit that limits the voltage applied at the input of 
a second digital inverter operating at the lower voltage level, and providing the final output 
of the voltage level translator. The voltage limiting circuit comprises an inverter operating 
from the higher voltage supply driving the control terminal of a low-voltage transistor having 
its common terminal connected to the low-voltage supply while its output terminal is 
connected to the output terminal of a transistor having its control terminal connected to the 
input of the voltage limiting circuit, while its common terminal provides the complementary 
output from the voltage limiting circuit. 
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